JEuropaisches Patentamt 
European Patent Office 
Office europSen des brevets 



® Publication number: 



0 291 176 

A1 



© EUROPEAN PATENT APPLICATION 



© Application number: 88303376.3 


vjy int. oi. . vau i rt oo/aao , vauira oooto 


@ Date of filing: 14.04.88 




© Priority: 13.05.87 US 49328 


© Applicant: Becton Dickinson and Company 




One Becton Drive 


@ Date of publication of application: 


Franklin Lakes New Jersey 0741 7-1 880(US) 


17.11.88 Bulletin 88/46 


© Inventor: Rosensteln, Robert W. 




© Designated Contracting States: 


4273, Bright Way Elliott City 


AT BE CH DE ES FR QB QR IT LI NL SE 


MD Elliott City Maryland 21043(US) 




Inventor: Bloomster, Timothy G. 




8, Brookebury Apt 1C 




Reisterstown, Maryland 21136(US) 




© Representative: Lamb, John Baxter et al 




MARKS & CLERK 57/60 Lincoln's Inn Fields 




London WC2A 3LS(GB) 



© Solid phase assay employing capillary flow. 



© An assay method for determining an analyte in a 
sample comprises the steps of> 

providing a solid support (12) with a sample to be 
assayed, the solid support including a first portion 
(14, 18), a second portion (13, 17) and a third portion 
(15, 16), the third portion including a binder for the 
analyte, the first portion of the support receiving the 
sample, and the second portion receiving a tracer 
moving tracer and sample by capillary flow from the 
second and first portions to the third portion to 
provide contact between tracer, binder and sample 
to thereby provide a complex, in the third portion, of 
any analyte in the sample,, binder and tracer; and 

f" determining tracer in the third portion of the support 

*^ or tracer which has passed through the third portion 

jgof the support to determine analyte. 

f>» Apparatus suitable for use in the method com- 

*■* prises:- 

^ a solid support (12) inlcuding first (18), second 
0>(17) and third (16) absorbent material portions, the 
^ first portion including a sample receiving portion 
©(14), the second portion including a tracer receiving 
-portion (13), the third portion including a binder for 
5jthe analyte to be assayed, the third portion being in 
capillary flow communication with both the sample 
and tracer receiving portions to provide for capillary 



flow of sample and tracer to the third portion to 
provide contact between tracer, sample and binder. 
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SOUD PHASE ASSAY EMPLOYING CAPILLARY FLOW 



This invention relates to an assay for an an- 
alyte, and more particularly to a solid phase assay. 

In a solid phase assay, a binder specific for at 
least the ligand to be determined (analyte) is sup- 
ported on a solid support, whereby, in the assay it 
is not necessary to employ an additional agent for 
separating the bound and free phases formed in 
the assay. 

There is known in the art assays for analytes 
wherein the tracer employed in the assay includes 
a particulate label, such as, for example, a lipo- 
some which includes a detectable marker. Thus, 
for example, in such an assay, a binder specific for 
the analyte is supported on a solid support, and the 
tracer is comprised of a ligand specific for the 
analyte, which ligand of the tracer is labeled with a 
particulate label, such as a liposome containing a 
detectable marker. In such an assay, the tracer is 
indirectly bound to the binder on the solid support 
by binding of the analyte to the binder and binding 
of the tracer to the anaiyte. whereby the presence 
and/or amount of analyte in a sample can be deter- 
mined by detecting the presence and/or amount of 
tracer, which is indirectly bound to the binder on 
the solid support 

The present invention is directed to improving 
assays for an analyte wherein the binder is present 
on a solid support, and in particular wherein the 
tracer employed in the assay is comprised of a 
ligand labeled with a particulate label. 



invention, there is provided an assay for an analyte 
wherein there is employed in the assay a solid 
support having first, second and third portions, with 
the third portion of the solid support including a 
binder for the analyte, with the sample being ap- 
plied to the first portion of the solid support and 
tracer to the second portion of the solid support 
The first and second portions of the solid support 
are in capillary flow communication with the third 
portion of the solid support to provide for capillary 
flow of the sample and tracer for contact with the 
binder. In a preferred embodiment, the sample and 
tracer are caused to flow to the binder in a manner 
such that the sample contacts the binder, prior to 
substantial contact of the tracer with either of the 
sample or binder. 

The tracer is a ligand labeled with a detectable 
label, preferably a particulate label, with the ligand 
portion of the tracer capable of being bound di- 
rectly or indirectly to analyte which is bound to the 
supported binder. 

The mount and/or presence of analyte in a 
sample may be determined by detecting the pres- 
ence and/or amount of tracer bound to the analyte, 



which analyte is bound to the binder in the third 
portion of the solid support. 

In accordance with another aspect of the 
present invention, there is provided a solid support 

5 having a first portion for receiving a tracer, a sec- 
ond portion for receiving a sample and a third 
portion which includes a binder for analyte in the 
sample wherein the first and second portions are 
both in capillary flow communication with the third 

;o portion to provide for flow and contact between the 
tracer, sample and binder. In a preferred embodi- 
ment, the capillary flow communication is such that 
there is contact between sample and binder prior 
to substantial contact of the tracer with either the 

15 sample or the binder. 

In the preferred embodiment, the tracer and 
sample may be applied to separate portions of the 
solid support, without prior contact between the 
sample and the binder, with the sample and tracer 

20 flowing by capillary action to the third portion of the 
support, which contains supported binder for the 
analyte, in a manner such that the sample contacts 
the binder, prior to any substantial contact between 
the tracer and either of the sample or the binder, 

25 whereby a so called "sandwich assay" is accom- 
plished, in the so called "forward" or "sequential" 
mode, without the necessity of separately directly 
applying a sample and tracer to the portion of the 
solid support which contains the supported binder. 

30 The solid support includes an absorbent ma- 
terial capable of transporting a liquid by capillary 
flow. In this manner, the tracer and sample which 
are applied to separate portions of the support are 
transported by capillarity to the portion of the sup- 

35 port which includes immobilized binder. As 
hereinabove indicated, the portion of the support to 
which the sample is applied, and the portion to 
which the tracer is applied are both In capillary flow 
communication with the portion of the support con- 

40 taining the immobilized binder in a manner such 
that the sample contacts the binder prior to sub- 
stantial contact of the tracer with either the sample 
or the supported binder. Such a result may be 
achieved by appropriately arranging the respective 

45 portions of the support to which the sample and 
tracer are applied, with respect to the portion of the 
support to which the binder is applied, in a manner 
such that the path of travel of the sample to the 
binder is shorter than the path of travel of the 

so tracer to the binder. In a preferred embodiment the 
tracer has a detectable particulate label whereby 
the tracer, having a particulate label, moves at a 
slower rate than the sample, and such difference in 
flow rate, as well as any difference in flow path aids 
in providing for contact of the sample with the 
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binder, prior to contact of the tracer with either the 
sample or the binder. It is to be understood, how- 
ever, that the length of the flow path of the tracer 
may be the same or less than the length of the 
flow path of the sample to the binder in that it is 
possible to provide for prior contact of the sample 
with the binder by means other than the length of 
the respective flow paths. 

'Thus, for example, a blocking agent may be 
added to the portion of the solid support which 
provides a capillary flow path between the portion 
of the support to which the tracer is applied, and 
the portion of the support which includes the binder 
to thereby impede the flow of the tracer to the 
binder. Such a blocking agent is a material which 
inhibits wetting of the support, with such inhibition 
of wetting reducing the rate at which the liquid 
containing the tracer flows by capillarity to the 
portion of the support including the supported bind- 
er. As representative examples of such blocking 
agents, there may be mentioned: bovine serum 
albumin, alone, or in combination with glucose; 
other proteinacious matter alone, or in combination 
with a sugar such as for example a fish gelatin 
obtained from a fresh water fish in combination 
with sucrose; and the like. The selection of a suit- 
able blocking agent which inhibits wetting of the 
absorbent material to reduce the rate of flow should 
be apparent to those skilled in the art from the 
teachings herein. 

As further alternatives, the respective rates of 
flow may be controlled by the width of the respec- 
tive flow paths or the area to which tracer and 
sample are applied. 

It is also to be understood that a combination 
of various means may be employed to insure that 
the sample applied to the solid support reaches the 
binder, prior to contact between the tracer and the 
binder, such as, for example, a combination of 
respective lengths of flow path and the use of a 
blocking agent to inhibit the flow of the tracer. 

Applicant has also found that substantial con- 
tact between the tracer and the sample, prior to 
contacting of the binder with the sample, should 
also be prevented. Applicant has found that prior 
contact between the sample and the tracer, on the 
solid support, may reduce sensitivity and/or may 
cause agglutination of the tracer in the preferred 
embodiment where the label of the tracer is a 
particulate label, whereby the sample and the trac- 
er are applied to the separate portions of the solid 
support, which are in capillary flow commnication 
with the portion of the support containing the bind- 
er, in a manner such that substantial contact be- 
tween the tracer and the sample is avoided, prior to 
contacting of the sample with the binder. Such a 
result may be achieved by causing the sample to 
flow to the binder, ahead of the tracer, as 



hereinabove indicated. In addition, prevention of 
contact between sample and tracer prior to contact 
with the binder may be further assured by provid- 
ing separate paths of flow for each of the sample 

5 and tracer. 

Thus, the solid support is constructed and/or 
the portions to which the tracer and sample are 
applied are arranged in a manner such that both 
the tracer and the sample flow by capillary action 

to to the portion of the support which includes the 
binder and in a manner such that the sample 
contacts the binder prior to any substantial contact 
of the tracer with either the binder or the sample. 
Such a result may be achieved by arranging the 

rs respective flow paths and/or flow rates of the sam- 
ple and tracer on the support to achieve such a 
result, whereby both the sample and tracer may be 
applied to the support without the necessity of 
separately directly adding both sample and tracer 

20 to the portion of the support containing the immo- 
bilized binder. 

At least the portion of the support which pro- 
vides the capillary flow paths for the tracer and 
sample is formed from a suitable absorbent ma- 

25 terlal which is capable of transporting a liquid by 
capillarity. As representative examples of such ma- 
terials, there may be mentioned: glass fiber, cel- 
lulose, nylon, crosslinked dextran, various 
chromatographic papers, nitrocellulose, etc. The 

so selection of a suitable material is deemed to be 
within the scope of those skilled in the art from the 
teachings herein. 

In accordance with a particularly preferred em- 
bodiment, the portion of the support which includes 

35 the binder (third portion) is employed as the test 
area for determining bound tracer. In accordance 
with the particularly preferred embodiment, at least 
the third portion of the support is formed from a 
material which is capable of transporting material 

40 by capillary flow through such third portion and 
which has a surface area capable of supporting the 
binder in a concentration of at least 1 ug/cm 2 (most 
generally In a concentration of at least 10 ug/cm 2 ). 
Although nitrocellulose is a preferred material, 

45 it is to be understood that other materials having a 
surface area sufficient for supporting the binder in 
a concentration as hereinabove described may also 
be employed for producing such solid supports. 
In accordance with a particularly preferred em- 

50 bodiment, the pore size of the solid support is such 
that the preferred tracer (ligand labeled with a 
particulate label), when bound directly or indirectly 
to the analyte bound to the binder, remains on the 
surface of the support. 

55 As should be apparent, portion of the support 
(or all of the support) in addition to the portion of 
the support employed for supporting the binder 
may be formed from a material having a surface 
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area capable of supporting the binder in the 
hereinabove described concentrations. 

The type of binder which is used in the assay 
is dependent upon the analyte to be assayed. As 
known in the art, the binder which is supported 
may be an antibody including monoclonal anti- 
bodies, an antigen, a protein specific for the ma- 
terial to be bound or a naturally occurring binder. If 
the assay is for an antibody, then the binder may 
be, for example, an antigen or an antibody which is 
specific for the antibody to be assayed. If the 
analyte is an antigen (an antigen having more than 
one determinant site), then the binder may be an 
antibody or naturally occurring binder which is spe- 
cific for the antigen to be assayed. 

The selection of a suitable binder for support 
on the solid substrate is deemed to be within the 
scope of those skilled in the art from the teachings 
herein. 

The ligand which is labeled for use as a tracer 
in the assay of the present invention is dependent 
upon the analyte to be assayed, as well as the 
assay procedure. 

Thus, for example, the ligand may be specific 
for the analyte, whereby the tracer would be bound 
directly to the analyte which is bound to the sup- 
ported binder. Alternatively, the ligand employed in 
forming the tracer may be one which is capable of 
being bound to an analyte specific for the analyte; 
e.g., the ligand tracer may be IgG labeled with a 
particulate label, whereby the tracer is indirectly 
bound to the analyte through an antibody bound to 
the analyte. As should be apparent, the ligand used 
in producing the tracer may be an antigen or an 
antibody or a naturally occurring substance which 
is specifically bound by the analyte. The selection 
of a suitable ligand is within the scope of those 
skilled in the art 

As hereinabove indicated, In producing the 
tracer, the ligand is preferably labeled with a par- 
ticulate label, which includes a detectable marker. 
In accordance with a preferred embodiment, the 
particulate label Is visible. A preferred particulate 
label is a sac, which includes a dye or other 
colored substance as a marker, whereby the tracer, 
when used in the assay, is visible without destruc- 
tion of the sac to release the colored substance. 

The sac which is used to label the ligand for 
producing a tracer may be any one of a wide 
variety of sacs, including but not limited to intact 
erythrocytes, erythrocyte ghosts, liposomes (single 
walled [sometimes called vesicles] or multilamel- 
lar), polymer microcapsules (for example, those 
made by coascervation, or interfacial polymeriza- 
tion), etc. 

Erythrocyte ghosts are known in the art and 
are prepared by suspending erythrocyte cells in a 
solution of substantially lower osmolality. The 



ghosts are "reseated" in an aqueous solution in- 
cluding the marker whereby the ghosts include the 
marker in the interior thereof. Such procedures are 
known in the art and the reseating solution of 

5 appropriate osmolarity generally includes, in addi- 
tion to the marker, alkali and alkaline earth metal 
halides and coenzyme; e.g., adenosine 
triphosphate. The preparation of ghosts, as sacs, is 
disclosed, for example, by D'Orazio et al. Analytical 

io Chemistry, Vol. 48, No. 13. pages 2083-86 (Nov. 
1977). 

Polymer microcapsules are also produced by 
procedures known in the art except that the solu- 
tion in which the microcapsules are formed also 

is includes the marker whereby the interior of the 
polymer microcapsule includes the marker. The 
preparation of such microcapsules is disclosed for 
example in MicrocencapsulatJon Process and Ap- 
plications , edited by Jan E. Vandegger (Plenum 

20 Press 1974). 

As known in the art, liposome can be prepared 
from a wide variety of lipids, including 
phospholipids, glycolipids, steroids, relatively long 
chain alkyl esters; e.g., alkyl phosphates, fatty acid 

25 esters; e.g., lecithin, fatty amines and the like. A 
mixture of fatty materials may be employed, such 
as a combination of neutral steroid, a charged 
amphiphile and a phospholipid. As illustrative ex- 
amples of phospholipids, there may be mentioned 

30 lecithin, sphingomyelin, dipalmftoyl, lecithin, and 
the like. As representative steroids, there may be 
mentioned cholesterol, cholestanol, lanesterol, and 
the like. As representative examples of charged 
amphiphilic compounds, which generally contain 

36 from 12 to 30 carbon atoms, there may be men- 
tioned mono-or dialkyl phosphate ester or an al- 
kylamine; e.g., dicetyl phosphate, stearyl amine, 
hexadecyl amine, dilauryl phosphate, and the like. 
The liposome sacs are prepared in an aqueous 

40 solution including the marker whereby the sacs will 
Include the marker in the interior thereof. The lipo- 
some sacs are easily prepared by vigorous agita- 
tion in the solution, followed by removal of marker 
from the exterior of the sac. 

45 Further details with respect to the preparation 
of liposomes are set forth in U.S. Patent No. 
4.342,826 and PCT International Publication No. 
WO80/01515, both of which are hereby incorpo- 
rated by reference. 

so As hereinabove indicated, the marker prefer- 
ably included in the sac is a dye or some other 
material which is visible, without lysing of the sacs. 

The tracer comprised of ligand and particulate 
label may also be produced by labeling the ligand 

55 with an aqueous dispersion of a hydrophobic dye 
or pigment, or of polymer nuclei coated with such a 
dye or pigment. Such labels are described in more 
detail in U.S. Patent No. 4,373,932, which issued 
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on February 15, 1983. The tracers produced in 
accordance with such patent may also be em- 
ployed as tracers in the present invention. 

As indicated in the aforesaid patent, the col- 
ored organic compounds which are used as labels 
are in the form of a hydrophobic sol, which hy- 
drophobic organic dyes or pigments are insoluble 
in water or soluble only to a very limited extent. As 
indicated in the patent, particles of the aqueous 
dispersion of a hyrdrophobic dye or pigment, or of 
polymeric nuclei coated with such a dye or pig- 
ment have a particle size of at least 5 nm, and 
preferably at least 10 nm. 

Such tracers which are labeled with the hy-' 
drophobic dye or pigment or with a polymer nuclei 
coated with such dye or pigment, are visible trac- 
ers when used in the assay in accordance with the 
present invention. 

The visible particulate label may be visible 
polymer particles, such as colored polystyrene par- 
ticles, preferably of spherical shape. 

As representative examples of other particulate 
labels which may be employed in producing a 
tracer for use in the assay of the present invention, 
in which the tracer would be visible, there may be 
mentioned; ferritin, phycoerythrins or other 
phycobili-proteins; precipitated or insoluble metals 
or alloys; fungai, algal, or bacterial pigments or 
derivatives such as bacterial chlorophylls; plant ma- 
terials or derivatives and the like. 

The ligand may be labeled with the particulate 
label so as to produce a tracer for use in the 
invention by procedures generally known in the art, 
with the procedure which is used being dependent 
upon the ligand and the particulate label which is 
employed. Such techniques include absorption, 
covalent coupling, derivatizarJon or activation, and 
the like. In producing a tracer wherein the ligand is 
labeled with a sac, the sac may be produced from 
a component which has been derivatized with a 
ligand, whereby the sac, when produced, is sensi- 
tized with the ligand. In another procedure, the sac 
including the marker may be initialy formed, fol- 
lowed by sensitizing the sac wfth ligand by proce- 
dures known in the art. 

Thus, the preferred tracer is comprised of a 
ligand and a particulate label (solid or solid-like, as 
opposed to non-solid labels, such as radiostopes, 
enzymes and various fluorescent materials), and 
the particulate label preferably provides a tracer 
which is visible under the assay conditions so that 
the presence and/or amount of analyte may be 
determined without further treatment and without 
the use of instrumentation; e.g., by use of a lipo- 
some containing a dye as the particulate label. 

The solid substance employed In the assay is 
preferably in sheet form, with the substrate, in 
sheet form, generally being in the form of a card, a 



test strip or dipstick, etc. It is to be understood, 
however, that other forms are also within the spirit 
and scope of the invention. 

The binder is supported on the test area of the 

5 solid substrate by applying a solution of the binder 
to a defined area of the test substrate; such as. for 
example, in the form of a spot, which can be 
located in a marked area, e.g., square or circle, on 
the substrate. Particularly good results have been 

w obtained when the binder is applied to the test area 
as a spot having a diameter of from 3 to 5 mm. 
The concentration of the binder placed in the de- 
fined test area will vary depending upon the assay 
to be performed; however, the binder is generally 

is present in a concentration of at least 1 ug/cm 2 
(most generally at least 10 ug/cm 2 .) 

After application of the binder to one or more 
test areas on the substrate, the residual binding 
capacity of the test substance is saturated or bloc- 

20 ked by treatment of the test substrate which one or 
more types of proteins which do not specifically 
bind the materials to be employed in the assay. 
Thus, for example, the residual binding capacity of 
the substrate may be blocked so as to prevent 

25 non-specific binding by the use of bovine serum 
albumin. The techniques for preventing non-spe- 
cific binding are generally known in the art, and 
such techniques are also generally applicable to 
preventing non-specific binding in the assay of the 

30 present invention. 

In accordance with the present invention, the 
first portion of the solid support may be provided 
with the tracer, during the assay procedure, or the 
solid support may be produced with the tracer on 

35 the first portion thereof. In the latter case, the tracer 
is supported on the support in a manner such that 
upon wetting of the first portion, the tracer flows by 
capillarity to the third portion of the solid suport. 
Thus, for example, the tracer may be absorbed on 

40 the solid support, in the first portion thereof, where- 
by upon wetting of the first portion during the 
assay, the tracer flows by capillarity to the third 
portion of the solid support which includes the 
binder, as hereinabove described. 

45 The invention will be further described with 
respect to embodiments thereof illustrated in the 
accompanying drawings wherein: 

Referring to Figure 1, there is shown a test 
card 10, which is generally comprised of ah upper 

so card member 11 and a lower card member 12. The 
upper card member 11 is provided with a tracer 
loading port 13, sample loading port 14 and a test 
view window or port 15. A test sheet 16, preferably 
nitrocellulose, is placed between the upper and 

55 lower card members 11 and 12, respectively, with 
a portion of the nitrocellulose being visible through 
test port 15. At least a portion of the sheet 16 
which is viewable through window 15 includes a 
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binder specific for the analyte to be assayed and 
defines a test area. A first strip of absorbent ma- 
terial 17 is placed between the upper and lower 
card members 11 and 12 and extends between 
tracer loading port 13 and view window 15 with the 
absorbent material 17 being in contact with test 
sheet 16. A second strip of absorbent material 18 
is placed between the upper and lower card mem- 
bers 11 and 12 and extends between sample load- 
ing port 14 and view window 15, with the absorbent 
material 18 being in contact with the test sheet 16. 
As shown, the strips 17 and 18 are separate and 
distinct from each other and provide separate capil- 
lary flow paths from each of ports 13 and 14 to 
view window 15. Strips 17 and 18 may be formed, 
for example, from glass fiber. 

As particularly shown, the sample loading port 
14 is closer to the viewing window 15 than the 
tracer loading port 13, whereby the capillary flow 
path between ports 14 and 15 is shorter than the 
capillary flow path between ports 13 and 15. In 
addition, the strip 17 may be treated with a material 
to reduce the capillary rate of flow. 

A piece of material 21 having a high liquid 
absorption capacity, such as blotting paper, is posi- 
tioned between upper and lower card member 11 
and 12 in contact with test sheet 16 to receive and 
store test material. 

In an assay, a sample to be assayed is applied 
through test port 14 and tracer is applied through 
test port 13. The sample flows to the test sheet 16 
through strip 18 and the tracer flows to test sheet 
16 through strip 17. As hereinabove indicated, the 
flow paths and/or strips are constructed In a man- 
ner such that the sample contacts the binder on 
[he test sheet 16, prior to contact of the tracer with 
either the binder or sample. The tracer may then 
be determined through test window 15. 
The presence and/or amount of analyte present in 
the sample may be determined by the presence 
and/or amount of tracer, as determined through 
window 15 of the card 10. 

In accordance with a preferred embodiment as 
hereinabove described, by using an appropriate 
material as sheet 16 (for example, nitrocellulose) 
and a visible particulate label (such as a liposome 
including a suitable dye), it is possible to determine 
tracer through window 15 without destruction of the 
liposome. 

Although the embodiment has been described 
with respect to the use of a tracer which includes a 
visible particulate label, it is to be understood that 
other detectable labels may be employed within 
the spirit and scope of the invention; e.g., an en- 
zyme label; a chromogen label (fluorescent and/or 
absorbing dye), etc. In such cases, it may be 
necessary to add an additional substance in order 
to detect the label in view window 15; e.g., in the 



case of an enzyme label, a substrate to produce 
detectable color in the view window. 

It Is also possible to provide a view window 
over the material 21 in place of or in conjunction 

s with the view window 15. In this manner, tracer 
which has not been bound in test sheet portion 16 
may be determined. The presence and/or amount 
of tracer in portion 21 may be employed to deter- 
mine analyte along and/or in conjunction with the 

w presence and/or amount or analyte in portion 16. 

The invention will be further described with 
respect to the following example; however, the 
scope of the invention is not to be limited thereby: 

J5 

EXAMPLE 



A reaction card 10 was constructed using two 

20 plastic cards 11 and 12. The cards were made of 
polypropylene with a thickness of approximately 
0.03 inches. The top card has three holes which 
include a view window 15, liposome tracer loading 
port 13, and a sample loading port 14. The view 

25 window has a diameter of approximately 12.0 mm 
while the loading ports are smaller (4.0 mm). 

The first step in construction was to place 
double stick adhesive (3M Type 960) over the 
entire card. Nitrocellulose (5.0 u S&S) with the 

30 capture antibody was attached to the card as test 
sheet 16. Sheet 16 was spotted with 3 ul of affinity 
purified rabbit anti-Group A Streptococcus antigen 
and then blocked with 3% bovine serum aibumin. 
The antibody portion is below window 15. Blotting 

35 paper 21 (Qelman 51334) was placed on the card 
such that the paper was in contact with the nitrocel- 
lulose. The window and loading ports were 
punched out of a second card. Adhesive was 
placed over the holes and excess adhesive was 

40 removed from the holes. This process led to a card 
that had adhesive completely surrounding the 
ports. Next, strips of glass fiber (Whatman GF/A) 
17 and 18 were placed on the card such that they 
made a connection from the loading ports to the 

45 view window. Strip 18 is treated with a 3% BSA 
solution. 

Detector lipsomes packed with sulfo-rhodamine 
dye were prepared by the method outlined in 
O'Connell et a). (Clin. Chem. 3jh1424 [1985]). They 

so were covalently coupled to affinity purified rabbit 
anti-Group A Streptococcus antigen. 

Group A Streptococcus organisms were har- 
vested from culture, plates, washed with saline 
(0.9% NaCI), and adjusted to 1 x 10 s organisms/ml. 

55 An aliquot (0.1 ml) containing 1 x 10 8 organisms 
was subjected to the micro nitrous acid extraction 
method for exposing the Group A carbohydrate 
antigen. This method consists of mixing 0.3 ml of 
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0.1 M HCI with 40 ul of 4M NaN0 2 , adding this to 
the Streptococcus organisms and, after 3 minutes, 
neturalizing with 40 ul of 1M Tris base. To facilitate 
the extraction, the HCI and the subsequent diluting 
fluid contain 0.1% Tween-20 non-ionic detergent. 

A reservoir was attached to the device to as- 
sure that all the sample (0.3 ml) could be added at 
one time. Immediately after addition of the sample 
through port 14 the liposome tracer was added to 
the tracer port 13. No other manipulations were 
required. Within five minutes a specific signal at 
the capture antibody spot (Window 15) could be 
seen at a sensitivity level equivalent to 1 x 10 s 
CFU/ml. 

The present invention is advantageous in that it 
is possible to provide a sandwich assay without 
separate incubation and wash steps, and which has 
the requisite sensitivity. 

These and other advantages should be appar- 
ent to those skilled in the art. 

Numerous modifications and variations of the 
present invention are possible in light of the above 
teachings and, therefore, within the scope of the 
appended claims, the invention may be practised 
otherwise than as particularly described. 



Claims 

1 . A method of assay for determining analyte 
for a sample comprising: 

providing a solid support (12) with a sample to 
be assayed, the solid support including a first por- 
tion (14, 18), a second portion (13, 17) and a third 
portion (15, 16), the third portion including a binder 
for the analyte, the first portion of the support 
receiving the sample, and the second portion re- 
ceiving a tracer; moving tracer and sample by 
capillary flow from the second and first portions to 
the-third portion to provide contact between tracer, 
binder and sample to thereby provide a complex, 
in the third portion, of any analyte in the sample, 
binder and tracer; and determining tracer in the 
third portion of the support or tracer which has 
passed through the third portion of the support to 
determine analyte. 

2. A method as clamed in claim 1 In which the 
tracer and sample are moved by capillary flow to 
provide contact between sample and binder prior to 
substantial contact of the tracer with either the 
sample or binder. 

3. A method as claimed in claim 2 in which the 
tracer comprises a ligand and a particulate label. 

4. A method as claimed in claim 3 In which the 
particulate label is a liposome, including a coloured 
substance. 



5. A method as claimed in claim 4 in which the 
tracer and sample move by capillary flow to the 
third portion through separate and distinct flow 
paths. 

5 6. An article of manufacture for determining 
analyte, comprising: 

a solid support (12) inlcuding first (18), second 
(17) and third (16) absorbent material portions, the 
first portion including a sample receiving portion 

io (14), the second portion including a tracer receiving 
portion (13), the third portion including a binder for 
the analyte to be assayed, the third portion being 
in capillary flow communication with both the sam- 
ple and tracer receiving portions to provide for 

is capillary flow of sample and tracer to the third 
portion to provide contact between tracer, sample 
and binder. 

7. An article as claimed in claim 6 in which a 
first absorbent material portion (18) defines a first 

20 flow path for capillary flow between the sample 
receiving portion and the third portion including the 
binder, and a second absorbent material portion 
(17) defines a second flow path for capillary flow 
between the tracer receiving portion and the third 

25 portion including the binder. 

8. An article as claimed in claim 7 in which the 
flow path between the sample receiving portion and 
the third portion is shorter than that between the 
tracer receiving portion and the third portion. 

30 9. An article as claimed in claim 7 in which the 
second absorbent material portion is treated with 
an agent to inhibit wetting thereof to reduce the 
rate of flow between the tracer receiving portion 
and third portion. 

35 10. An article as claimed in claim 7 in which 
the support includes an absorbent material (16) in 
contact with the third portion to receive and store 
any sample and tracer which flows through the 
third portion. 
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